I. Biscuits baked to a recipe requiring only sucrose, white flour and water were ground to a powder and mixed with the remaining ingredients of a standard rat diet. The control diet contained the same dry-weight amounts of all ingredients, but the sucrose and flour were not baked into biscuits. Eighty-four rats were divided into two matched groups and fed on the diets for 8 wceks from weaning.
It is well known that sucrose, glucose and certain other sugars in food can cause dental caries in experimental animals (Shafer, Green & Hartles, 1969) . T h e sugars are generally believed to act as substrates from which certain oral bacteria produce the acids that play an important part in the development of carious lesions. Sucrose is believed to be the most cariogenic of the sugars (see Grenby, 1967a , for references), possibly because it can be used as a substrate by certain oral bacteria not only to produce acid, but also to synthesize extracellular polysaccharide material that helps to constitute the dental plaque.
T h e acids create the maximum damage when they are formed close to the tooth surface and cannot diffuse away. Such a situation may arise in the fissures of the molar and premolar teeth when sugary foods and, of course, bacteria are impacted, and also in interproximal areas or along the gingival margin, where food residues or dental plaque may cling to the tooth surface undisturbed.
Thus, besides its sugar content, the cariogenicity of an individual food may depend on its adhesiveness to the tooth surface and its texture, which will determine its tendency to pack into the molar fissures when mixed with saliva. Finely ground diets were observed to initiate more carious lesions in rats than coarse-particle diets (Konig, 1962) . Several types of tests in vitro have been devised to relate the stickiness of foods to their 'caries-potential ' (cf. Caldwell, 1962; see Grenby, 1969a , for further references), but only recently have animal experiments in this field been carried out, and some of the earliest results failed to show any increase in caries when sugary diets were given to rats as a sticky paste or as toffee instead of in powder form (Grenby, Another class of foods suspected of contributing to caries are sweet biscuits (cookies).
Various types of biscuits were tested in rats by Ishii, Konig & Muhlemann (1968) .
I972
Examples of semi-sweet biscuits containing 10 and 2 2 % sugars were tested at a level of 677k in the diet of rats by Green & Hartles (1966a) , and proved to be less cariogenic than the same quantity of sucrose. These biscuits were manufactured by an undisclosed commercial process, however, and contained as much as 14-4-17:/0 fat. The presence of 5-10 7; fat in the diet has becn shown to reduce caries in rodents (see, for example, Green & Hartles, 1966 b) . In the present study therefore biscuits were made from sugar, white flour and water only, so as to correspond in texture to a high-sugar 'sugar-glass' or 'ginger-nut' type. To investigate the effect of cooking the sugar and flour together, the biscuit diet was compared simultaneously with a similar diet containing the same amounts of sugar and flour in their original uncooked form.
M E T H O D S
Diets. The recipe for the biscuits was adapted from Bohn (1957) . White flour, 1192 g, and caster sugar (sucrose), 681 g, were mixed slowly in a Hobart rotary miser, then 400 ml water were added slowly with continuous mixing. The dough formed was kneaded for 5 min, then it was rolled to about 0.7 cm thick, cut and baked at 190' for 40 min. After cooling, this produced a hard, close-textured sweet biscuit, which was ground to a fine, floury powder by a hammer-mill with a 0.8 mm sieve. The powder contained (yo): non-reducing sugar (sucrose) 38.5 ; reducing sugars 0.9; water 3.7.
T h e powdered biscuit was incorporated in a diet of the following percentagc composition: biscuit 66 (baked from sucrose 24 and white flour 42); skim-milk powder 32; dried liver powder 2. The control diet was identical in composition except that the sucrose and white flour were not baked into biscuits. Thus both diets were in the form of fine, dry powders.
Animals. Two experiments were carried out using two different strains of rat, Wistar and Osborne-Mendel (see Grenby, 1967b) . T h e rats from each strain were divided into two groups each containing forty-two animals, and were completely matched for sex, age, strain and parentage. The groups were given the test and control diets ad lib. for 8 weeks from weaning, Tap-water was supplied as drinking fluid and was always available to the rats. T h e rats were weighed weekly.
Assessment of caries. At the end of the experiments the mandibles were dissected out, and the molar tceth were examined for caries by the standard method of Shaw, Schweigert, McIntire, Elvehjem & Phillips (1944), but modified to take into account interproximal and 'smooth-surface' lesions and also lesions in any of the smaller occlusal fissures apart from the six main ones (Grenby, 1970) . l'he carious lesions were each given a score between I and 5 , depending on how far they had progressed, with 5 being the most advanced; a caries score for each animal was thus obtained. The total number of lesions and the total number of gross cavities in each animal were also counted.
R E S U L T S
Weight gains. The results of the two experiments are shown in Table I , which includes the weight gains over the entire 8-week experimental period. The rats grew very well on both diets, but the weight gains were marginally greater on the Vol. 27
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control diet than on the biscuit diet. T h e Osborne-Mendel strain grew faster than the Wistar.
Caries. Thc mean caries scores and their standard errors are also shown in Table I . The results are arranged to compare matched groups of both sexes within each strain. As in earlier experiments, the level of caries was higher in the Osborne-Mendel strain than in the Wistar, particularly on the biscuit diet. On statistical analysis by Wilcoxon's Signed Ranks Test, the difference in mean caries scores between the biscuit and control diets was significant in all four groups ( P < 0.05 in the Wistar females; P < 0.02 in the Wistar males and Osborne-Mendel males; P < 0.002 in the Osborne-Mendel females). The effect of the diets on caries is also clearly shown in the total number of lesions in each group. In all four groups of animals roughly twice the number of lesions were observed on the biscuit diet as on the control diet. There was also a striking difference in the number of advanced lesions (score 3 or more by Shaw's method): a total of eighty-one gross cavities was recorded on the biscuit diet, compared with only four on the control diet. These differences were significant at a level of P = O*OI.
Nearly all the lesions were in the molar fissures. A small number of 'smooth-surface' lesions were observed, generally along the gingival margin, and although in three of the four groups the numbers were higher on the biscuit diet than on the control, there were too few lesions of this type to distinguish between the two diets on this basis.
D I S C U S S I O N
The results show that the biscuits, made from sugar, flour and water, with no other additions, were more cariogenic than the same ingredients not cooked or processed in any way. Although the incidence of caries was very heavy on the biscuit diet, very few lesions developed interproximally or at the gingival margin, so it seems that the effect of the biscuits is to impact in the fissures, possibly providing a suitable environment for cariogenic bacterial processes. Another contributory factor may be the nature of
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the oral bacterial flora in these animals, which may favour the production of lesions in the fissures rather than at other sites on the teeth. The level of caries may also have been influenced by changes in the eating pattern resulting from the replacement of uncooked flour and sugar by powdered biscuit, but no record of the frequency of eating was kept in these experiments.
Very little precise information is available on the effect of the texture of foods on dental caries, but it is commonly held that sticky foods are likely to be more cariogenic than those which can be removed from the teeth more easily. These sticky foods fall into two main classes. I n the first, the foods have a high sugar content, which contributes to their stickiness. Both sucrose and glucose are very highly soluble in water and can form thick syrups in high concentration. These are used as the basis of a wide range of confectionery, suspected of being among the most cariogenic foods. However, neither toffee nor sweet syrups proved as cariogenic as powdered foods of the same sugar content, when tested in rodents (Grenby, 1969b (Grenby, , 1971 ).
T h e second main class of sweet, sticky foods consists of foods containing both sugar and a cereal product, including many baked foods such as biscuits. Cereal foods alone, in the absence of sugar, generally produce little caries (Konig, 1967; Grenby, 1966) .A diet containing gluten, the adhesive proteinof flour, together with 10 "/b sucrose also produced very little caries (Grenby, 1969~) . I n the present work, however, the sucrose content of the diet was raised to 2476. When this sugar, together with 42% whitc flour, was incorporated uncooked in rat diets, the level of caries was low to moderate, but when the sugar and flour were baked into biscuits, the caries incidence rose to a significantly higher level. Inversion of, or other attack on, the sucrose was not responsible for this, since nearly all the sugar in the biscuits had remained in the form of sucrose, without inversion to reducing sugars.
Microscopic examination of the powdered biscuit after staining with Congo red showed that a high proportion of the starch granules had been ruptured by the cooking procedure, and that large numbers of the disrupted granules had aggregated together. It has previously been shown that these changes on cooking wheat starch in the absence of sugar, did not make it more cariogenic (Grenby, 1965) . The powdered biscuit contained 39'4% of sugars, however, and its high cariogenicity may result from the altered physical properties of the starch increasing the retention of the sugar in the fissures of the molar teeth, where most of the carious lesions developed.
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